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ABSTRACT

This report summarizes the research plan proposed by NMFS in response to the man-
dates of Section 304: Research, in the International Dolphin Conservation Program Act
(Public Law 105-42) for abundance surveys and studies of fishery-related stress in dol-
phinsaffectedby thetunapurse-seinefisheryin theeasterntropicalPacificOcean(ETP).
This report presents the objectives, format and time schedule for each of the proposed or
ongoing projects, with respect to how each project will contribute to the Secretary’s pre-
liminary findingby March31,1999andthefinal findingby December31,2002regarding
whether the intentional encirclement of dolphins with purse-seine nets is having a signifi-
cant adverse impact on any depleted dolphin stock in the ETP.

Three abundance surveys will provide current estimates of abundance for stocks of dol-
phinsaffectedby theETPtunapurse-seinefisherywith particularemphasisonthecurrent
abundance of the two depleted stocks (northeastern offshore spotted dolphin,Stenella
attenuata, and eastern spinner dolphin,Stenella longirostris orientalis).   Stress studies
will investigate possible fishery-induced stress resulting from the process of chase and
encirclement.  Both approaches will attempt to estimate whether the practice of “dolphin
fishing” causes significant levels of unobserved mortality or is significantly affecting pop-
ulation dynamics through decreased survival and/or reproduction.

Abundance surveys will be conducted during the period August-December in each of
theyears1998,1999,and2000. Threesurvey vesselswill beusedduring1998to provide
the tightest possible confidence limits on the first abundance estimate, which will likely
form the basis for the Secretary’s preliminary decision in March 1999.   Two survey ves-
sels will be used in the latter two years, due to cost considerations.   The surveys will
include aerial photogrammetry and will collect oceanographic, acoustic, seabird and prey
data in addition to dolphin abundance data in order to refine the abundance estimates.

Stress studies will include a review of current and historical literature on stress in mam-
mals,anecropsyprogram,threetypesof analysesusinghistoricaldata(cow-calf compari-
sons, cell stress indicators, and reproductive rates), estimation of dolphin capture
frequency, andachase/recaptureexperiment.Theliteraturereview will aid in identifying
stressmeasuresthatmaybeapplicablefor studyingstressin ETPdolphins. Thenecropsy
program will provide various types of tissue and blood samples as a “snapshot” of stress
measuresin individualdolphinskilled incidentallyduringcommercialfishingoperations.
Cow-calf comparisons will determine whether unidentified calf mortality may be occur-
ring in dolphinsets.Thestudyof cell stressindicatorswill examinegeneticmaterialfrom
stressedversusunstresseddolphins. Thereproductiveratestudywill comparecurrentand
historical reproductive rates of ETP dolphins.

Thecaptureratestudywill examinemethodsto measurecapturerate(i.e.,encirclement
rate)in situ in order to better understand the frequency with which individual dolphins
actually experience chase and encirclement in the ETP.   The chase/recapture experiment
will examine changes in blood parameters with repeated captures of individual dolphins,
to examine the level and persistence of various stress measures related to chase and encir-
clement.
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Thepreliminaryfinding in March1999will likely dependalmostentirelyon theresults
from the first abundance survey.  The final finding will integrate the information from all
studies.
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INTRODUCTION

The International Dolphin Conservation Program Act (IDCPA) was passed in August
1997 as amendments to the Marine Mammal Protection Act of 1972.   A number of
research projects mandated by the IDCPA are intended to determine “whether the inten-
tionaldeploymentonor encirclementof dolphinswith purse-seinenetsis having asignifi-
cant adverse impact on any depleted dolphin stock in the eastern tropical Pacific Ocean”.
Theseresearchprojectsincludethreeabundancesurveysto estimatecurrentabundanceof
dolphin stocks affected by the fishery and four categories of studies to evaluate whether
fishery-related stress in ETP dolphins is hampering either reproduction or survival, partic-
ularly of the depleted stocks.

Thisreportsummarizestheobjectives,formator structure,andproposedtimeschedules
for the abundance and stress research projects that will be conducted in response to the
directivesin theIDCPA. Thereportis intendedto inform thosewhomaybeinterestedin
the status and progress of these research projects.  A research schedule appears as Figure
1.

Greaterdetailon theproposedabundancesurveysandstressstudiescanbefoundin the
two workshop reports included as Appendices I and II in this report.  Discussions of
research projects presented here are summaries; greater detail can be obtained by contact-
ing project leaders at the Southwest Fisheries Science Center (SWFSC) directly (Popula-
tion Studies: Dr. Tim Gerrodette, Stress Studies: Dr. Liz Edwards, Ecology: Dr. Steve
Reilly, Historical Data: Dr. Andy Dizon).

RESEARCH PROJECTS

POPULATION STUDIES

These studies will attempt to estimate the size of the adverse impact of the tuna fishery
ondolphinsat thepopulationlevel. Studieswill focuson thedepletedstocksof northeast-
ernoffshorespottedandeasternspinnerdolphins.Mortality in purse-seinenetsrepresents
one obvious adverse impact on dolphin populations.  This impact is known because
observersareonall tunavesselsover400tonscapacity. However, thepracticeof catching
tuna by setting on dolphins involves chasing, encircling, and confining millions of dol-
phins per year.  Thus, it is possible that the fishery may have indirect effects on dolphin
populations that go beyond direct mortality.  These indirect effects may lower the repro-
ductive rate, the survival rate, or, ultimately, population growth rate.  We plan studies to
estimate impacts on reproductive rates and population growth rates.  Estimating survival
rates for pelagic dolphins is extremely difficult.

Impacts on Reproductive Rates

Under suitable conditions, a dolphin school may be photographed from the air using
high-resolution, motion-compensated cameras.  Reproductive rate can be assessed as the
percentage of calves present in the school.  If the adverse impact of the fishery affects
breeding, conception, gestation, birth or very early survival (i.e., events prior to the nurs-
ing calf stage),wewouldexpectto seea lowerpercentageof calvesin areasof heavy fish-
ing, compared to areas less heavily fished.  The comparison is complicated by possible



NMFS IDCPA Research Plan — Draft: 5/12/98

4

geographic (stock) differences in reproductive rates and/or timing; therefore, the rate of
calf production will be measured in a number of different areas.  The current rate of calf
productionwill alsobecomparedwith therateobservedadecadeagoduringtheMonitor-
ing of Porpoise Stocks (MOPS) surveys.  Adverse impact will be estimated by the reduc-
tion (if any) in calf production.

Most of the aerial photogrammetry will take place during the surveys for estimating
abundance in 1998-2000, using NOAA’s Hughes 500D helicopter.  Some fixed-wing air-
craft may be utilized to obtain samples in other geographic areas.  Photographs will be
analyzed at SWFSC.

Impacts on Population Growth Rates

The populations of northeastern offshore spotted dolphins and eastern spinner dolphins
areestimatedto beatabout20%of theirhistoricalpopulationsize- i.e.,at1/5of carrying
capacity.  The numbers of reported mortalities due to the fishery at the present time are
small fractions of population sizes, and such mortality should, therefore, have negligible
effects on population growth rates.  If the only adverse impact of the fishery is due to
directmortality, thedepletedpopulationsshouldbestartingto recover. Ontheotherhand,
if the fishery has other, indirect impacts on dolphin populations, the growth rates of the
dolphin populations will be reduced over what they otherwise would be.  If the indirect
effects are of sufficient strength, we may be able to detect the difference between the
observed and expected rates of population growth.

The first step will be to obtain new estimates of population size.  The IDCPA specifies
that surveys to estimate dolphin abundance should occur in 1998, 1999, and 2000.  The
cruises will take place between late July and early December (120 sea days) of each year,
primarily because that is the time of best weather, but also for comparability with the
MOPS cruises of 1986-90.  Estimation of abundance will be based on line-transect meth-
ods as in previous surveys although we will be using some additional newer techniques,
such as passive acoustics, to improve the estimation.  Because a preliminary finding is
requiredby March,1999,wewill utilize threeships(Jordan,MacArthurandEndeavor) in
1998 to obtain more precise population estimates.  The surveys in 1999 and 2000 plan to
use only two vessels.  Details of the survey methodology are given in Appendix I (Abun-
dance Workshop Report) of this Research Plan.

  The second step will be to use the new abundance information to estimate the current
ratesof populationgrowth. Thenew populationestimateswill becombinedin population
models with estimates from the MOPS surveys and the time-series of relative abundance
from tuna vessels.  Using Bayesian methods, we will obtain probability distributions that
represent our knowledge about the current growth rates for both northeastern offshore
spotted and eastern spinner dolphin populations.

Thethird stepwill beto estimatetheexpectedratesof populationgrowth. Theexpected
ratesdependon themaximumintrinsic ratesof growth (rmax), thecurrentsizesof thepop-
ulationsrelative to carryingcapacity, possibletime lagsin theresponseof thepopulations
afterreleasefrom heavy mortality, andotherfactorsof populationdynamics.In construct-
ing the population models, we will make use of historical life-history information at the
SWFSC.  We will also use past estimates of absolute abundance (from research vessels),
the time-series of relative abundance (from tuna vessels), and estimates of the number of
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dolphins killed each year since the beginning of the fishery.  The output of the analysis
will be probability distributions of the expected rates of population growth for both north-
eastern offshore spotted and eastern spinner dolphins.

The fourth step will be to estimate the adverse impact of the fishery as the difference
betweentheexpectedrateandthecurrent,observedratefor eachdolphinstock. If thedif-
ference between the two rates is large, it is an indication that something is preventing dol-
phin populations from growing.  The adverse impact of repeated chases and captures by
fishermen would likely be the most parsimonious explanation of such a difference, but
other explanations would be possible.  A difference between expected and observed
growth rates would also occur if: (1) the number of dolphins actually killed in the fishery
is higher than the number reported; (2) there is substantial but unreported dolphin mortal-
ity in other fisheries in the area; (3) there has been a shift in dolphin distributions that
results in an  apparent decrease in dolphin abundance within the study area; and/or (4)
there has been some ecological shift in the ETP ecosystem that has lowered the carrying
capacity for dolphins.  If there is evidence that one or more dolphin stocks is not recover-
ing, thesealternativeexplanationswill haveto beconsidered.Informationfrom otherparts
of the IDCPA Research Plan, such as the chase/recapture experiment, necropsy samples,
and ecological studies, will contribute to assessing these hypotheses.

It may also be possible to estimate the adverse impact on population growth rate in a
more direct manner.  Using a surrogate such as length of chase, or total time from begin-
ning of chase to release from net, as a measure of the strength of the adverse impact, we
can estimate how much this factor has effected the population growth rate.  This depends
ontherebeingsufficientcontrast(i.e.,lackof correlation)betweenthedirectmortalityand
the indirect (stress) impact to allow the effects of these two factors to be separated.

ECOLOGY STUDIES

TheEcologyProgramwill conductresearchonthephysicalandbiologicalenvironment
of thedolphinpopulationstargetedby theIDCPA. This researchwill includeanumberof
projects focusing on oceanography, dolphin prey, and the surface predator community (of
which the dolphins are a component).

Oceanography

In past projects we developed methods to depict the physical habitat occupied by  dol-
phin populations, using standard oceanographic field methods and recent multivariate sta-
tistical techniques. We found that spotted, spinner and common dolphins had
characteristic, separable habitat types. All of these habitats showed some interannual vari-
ability in the ETP, and it is now regarded as essential to monitor this environmental vari-
ability to allow interpretationof dolphinsightingsdata.Further, thestatisticaldepictionof
oceanographic habitats allows us to make more precise abundance estimates. Therefore
we plan to conduct oceanographic monitoring as part of regular daily activities on all ves-
sels engaged in IDCPA field research.

Predator Community

Theecologicalbasisof theETPtunapurseseinefisheryis theassociationof subsurface
tunas with a number of surface predators, including dolphins and sea birds. Fishermen



NMFS IDCPA Research Plan — Draft: 5/12/98

6

have longusedtheoccurrenceof dolphinsor birdsor bothto locateandcapturethetunas.
In pastETPdolphinassessmentcruiseswehaverecordedseabird sightingsaswell asdol-
phin sightings in order to improve our understanding of this surface community as a
whole. Considerable progress has been made. We have identified consistent patterns in
dolphin-birdcommunitystructure,andtied thesepatternsto gradientsin theenvironment.
We plan to continue collecting bird data on the IDCPA cruises in order to check for
changes since the mid-eighties in community structure. Also, because seabirds are highly
visible and easily identifiable, they can be used as an indicator of the state of the commu-
nity of which they are a part.

Weplanto addressspecificallythis “index” conceptover thenext threeyearsin orderto
determine the extent to which information on seabirds can be used similarly to our use of
oceanography to improve our ability to assess the status of ETP dolphin populations. By
examining the bird data in conjunction with data on oceanography and shared prey (see
below), wehopeto shedlight on theextentto whichobservedchangesin thedolphinpop-
ulations (or lack thereof, e.g. failure to show signs of recovery) may result from large-
scale environmental changes such as regime shifts as opposed to the direct or indirect
effects of the tuna fishery.

Prey

Weplanto conducttwo typesof studiesof dolphinprey. First,wewill utilize continuous
acoustic sampling devices on all ships to measure the so-called deep scattering layer,
known to becomprisedof fishesandcephalopodsthatdolphins,birdsandotherpredators
eat. Trawl samples are also planned.  Further, we plan to conduct limited studies of flying
fish.They areacommonprey itemamongthesurfacepredatorcommunity, areconfinedto
the upper few meters of the ocean during all life stages, and are easily observed and
counted. They are also tightly linked to surface water productivity and so are good organ-
ismsto useto understandtheeffectsof oceanographicchangesonthesurfacecommunity.
Ononeshiponly wewill conductintermittentvisualsampling(coincidentwith bird sight-
ings) and nightly dipnet stations during the oceanographic station).

Sea Turtles

While sea turtles don’t associate tightly with dolphins, they are distributed throughout
the ETP, are part of the region’s large predator community, and are incidentally taken in a
number of commercial fisheries including purse-seines and long-lines.   In Section
304(b)(D) the IDCPA directs NMFS to undertake or support “projects to determine the
extentto which theincidentaltakeof nontargetspecies,includingjuveniletuna,occursin
the course of purse-seine fishing for yellowfin tuna in the eastern tropical Pacific Ocean,
the geographic locations of the incidental take, and the impact of that incidental take on
tunastocksandnontargetspecies”.All Pacificturtlespeciesarelistedaseitherthreatened
or endangered under the ESA. Little is known of their at-sea distribution or abundance,
and so the IDCPA field program can make a significant contribution to NOAA’s sea turtle
conservation efforts for an extremely small cost.  As in past ETP dolphin surveys, observ-
ers will systematically record turtle sightings on all ships. Turtle sightings are infrequent,
and this has been found not to interfere with observers’ dolphin monitoring duties. We
also plan to conduct limited satellite tracking to measure turtle dive profiles to determine
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theamountof time they spendat thesurfaceandto allow usto estimateactualabundance
as opposed to just an index of occurrence.

STRESS STUDIES

The stress research mandated under Section 304(a) of the IDCPA includes 4 general
topics:a literaturereview, anecropsyprogram,historicaldataanalyses,andachase/recap-
ture experiment.   Each of the projects is intended to provide complementary information
to the other projects and as a whole is intended to provide an overall picture of the poten-
tial effects of fishery-induced stress on ETP dolphins that can be used to guide the Secre-
tary’s final determination.

Each project is described in greater detail below.  Descriptions include project objec-
tives,integrationwith otherstudies,projectstructureandactivities,andprojecttimelines.
The literature review is currently in progress.   The other projects are in the planning
stages, with the necropsy program having highest current priority in order to begin sam-
pling from the commercial fleet as soon as possible.  The historical data analyses are cur-
rently under discussion to identify appropriate research foci. The chase/recapture
experiment will be a complicated field endeavor and will require considerable additional
planning with respect to details, and thus is not anticipated to begin prior to 2000.   The
capture rate research is currently under development but should be less complicated to
plan than the chase/recapture experiment so research is projected to begin during 1999.

Literature Review

Research mandated by the IDCPA requires that NMFS undertake a review of the scien-
tific literatureonstressin mammals.This review is currentlyin progress,andis dueto be
completed in September 1998. The finished product will focus on synthesizing informa-
tion regarding stress in mammals as it relates to the potential impact of the tuna purse-
seine fishery on dolphins in (ETP).

The review will very briefly provide background information on the ETP tuna purse-
seine fishery describing its history and general aspects of dolphin-fishing operations as
they haveevolvedover thecourseof time.In additionto directmortality, severalpotential
impacts of the ETP fishery on dolphins will be considered.  These include the possible
effects of acute and/or chronic stress on dolphins as a result of fisheries operations.

Background information on the concept of stress and research on stress in mammals
will beprovided.An extensivereview of theliteratureonphysiologicalstressin mammals
will form the basis for a subsequent discussion of specific aspects of fisheries operations
asthey maybeexpectedto affectdolphinsin theETP. Bothphysiologicalandbehavioral
responses to stress will be discussed.  The review will include relevant research on stress
effects and indications of stress on major physiological systems.  Relevant research
regarding effects of stressors on the autonomic nervous system (altering the functions of
the cardiovascular and gastrointestinal systems, or causing the release of catecholamines
from the adrenal gland for example), and the neuroendocrine system (altering the secre-
tion of hypophyseal hormones) will be presented.

Currentknowledgeof stressinducedpathologiesandtheeffectsof stressonsuppression
of immune function and disruption of reproduction will be reviewed.  In addition, recent
studies have been able to characterize and quantify the effects of pursuit or chase on ani-
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mals,andthesewill helpform thebasisfor relatingliteratureonbehavioral andphysiolog-
ical responses to stress in mammals to the potential influences of fisheries-induced stress
on dolphins in the ETP.

Information resulting from applied research on physiological and behavioral stress
responses in mammals will be combined with knowledge of cetacean behavior and physi-
ology to examine aspects of the fishery potentially affecting dolphins.  These fisheries
operations include the various elements of chase (e.g. speed, duration, disruption of herd
structure)andencirclement(e.g.capture,confinement).Thus,directinteractionsbetween
thefisheryanddolphins,will becomparedto currentknowledgeof mammalianresponses
to stress and related to the potential effects on dolphin survival.

Necropsy Program

TheNecropsyProgramwill evaluatethepathophysiologicalconditionof dolphinskilled
in the eastern tropical Pacific tuna purse-seine fishery.  Collection of specimens will be
accomplished by placing trained technicians on tuna purse-seine vessels to necropsy dol-
phins killed in fisheries interactions.  Necropsy sampling will be performed in a hierarchi-
cal fashion, collecting from a prioritized list and depending upon the circumstances
(number of dolphin mortalities, work space, etc.) at the time of examination.  General
objectives include determination of overall pathology and health/disease status of the ani-
mals.

More specific aims of the proposed Necropsy Program include examination of tissues
for indicationsof acuteandchronicstress.For example,levelsof stressrelatedhormones
and catecholamines can be measured if relatively fresh blood samples are obtained.  Mor-
phological changes (e.g., hypoplasia, hyperplasia, and atrophy of certain glands and
organs) documented to occur as the result of stress in mammals can be assessed.  In addi-
tion, immune status and body condition of individuals will be determined.  Some aspects
of the project are outlined below.

Thesesampleswill beinvasivecollectionsof tissuessoonafterdeath,whichcanonly be
accomplishedin thissituationby necropsiesondolphinskilled incidentalto fishingopera-
tions (directed lethal take is not considered permissible).   The samples will provide a pic-
tureof theanimal’s “stressprofile” atagiveninstantin time,althoughsomemeasureswill
provideindicationsof long-termeffectswhileotherswill indicatemoreimmediateeffects.
This project thus complements the information that will be collected during the chase/
recaptureexperiment,whichwill provideserialbloodsamplesfrom individualanimalsbut
will not provide any data that would require invasive sampling of tissues.

A NecropsySamplingProgramplanningreportproviding detailsof proposedsampling
protocols and subsequent research analyses will be completed  in June 1998.  The report
will include an outline of the types of  sampling and equipment that will be necessary to
perform complete necropsies of dolphins in the ETP tuna purse-seine fishery.   Hierarchi-
cal levels for prioritizing collection of necropsy samples will be defined. The report will
also include an overview of research analyses to be used for investigating stress factors
and health and disease status in these animals.

A planning meeting will be convened by the SWFSC to discuss details and logistical
aspects of necropsy sampling, but scheduling of this  meeting awaits assurance from the
fleet and from foreign governments  that the work can take place aboard their vessels.
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Specimen Collection. Specimens will have to be collected in a rigorous and systematic
manner that is not possible for tuna vessel observers under current circumstances
(although certain observer-collected specimens may be used to augment specimens col-
lectedfor thenecropsyprogram).It will benecessaryto have trainedtechniciansor gradu-
ate students with some background, or program of study, in pathology to collect samples
from specimens.To optimizetheamountof informationgatheredfrom any singleanimal,
multiplesamplesmustbecollectedandtheprocedurescouldtakemany hoursfor asingle
postmortem dolphin.

The desired sample size is a minimum of 150 animals per year.  To that end, it is antici-
pated that at least 8 trained necropsy technicians will be required per year.  Each of these
technicianscouldmake2-3 trips in oneyear. Theseplansarebasedonrecentinformation
indicating that the current average mortality in the ETP tuna purse-seine fishery is 8 dol-
phins per vessel per trip.

Collected specimens will be processed for histology and other preparations necessary
for appropriate analyses.  Samples to be collected include the following:

- heart - thyroid gland - brain - bone

- adrenal glands - spleen - pituitary gland - teeth

- lung - thymus - tonsils - blood

- kidney - lymph nodes - muscle - parasites

- liver - stomach - blubber/skin

- pancreas - intestines - reproductive organs

Major Courses of Examination.

1) Examination of pathology samples for indications of physiological stress.  Careful
collection and examination of post-mortem specimens will allow histological observation
of sublethaleffectsof fisheriesactivitiesontheheartandheartmuscle,adrenalglands,the
liver and other major organs. Tissues will be examined for evidence of tissue injuries and
morphological changes associated with stress (e. g. those resulting from short-term
repeated exposure to high levels of catecholamines).  The time sequence of injurious
events is important and histological evidence of healing, if present, could provide some
indication whether observed lesions are several days old or have occurred even more
recently.

2) Determination of overall pathology and health/disease status of the animals.  Col-
lectedspecimenswill alsobeusedto provideanoverallhealthassessmentof individual to
gatherdataonthestatesof healthanddiseasein thesedolphinpopulations.Suchinforma-
tion is necessary for deriving conclusions regarding the effects of stress on these animals.

3) Evaluation of overall immune status of individuals.  Analysis of relatively fresh
blood samples can be used for complete immune assays.  Examination of spleen, thymus
and lymph tissue (and possibly tonsils and additional lymphoid tissues) can be used to
investigate the immune status of individual dolphins collected from the fishery.

4) Estimationof generalphysiologicalcondition. Bodyconditionindices,bodycompo-
sition,andlipids analysiscanbeusedin conjunctionwith pathologydatato provide infor-
mation on the physiological condition of individuals.  Data on body composition and
blubber depth will be useful for assessing the general health and nutritional condition of
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thesedolphins. Theseanalysescanalsoyield informationonnutritionalstatusandcanbe
integrated to determine energy budgets.

5) Examination of muscle tissues.  Chase is a significant part of purse-seine capture of
these dolphins, and the length of the chase may be a factor in the stress response.  Over
exerted muscle does not heal well.  Examination of muscle tissues, muscle fiber typing,
testingfor lacticacidandcreatinekinaselevels,andmeasuringbloodgasesmaybeimpor-
tant for assessment of the degree and effects of muscle and respiratory exertion.

6) Detectionof corticosteroidlevelsin cetaceanblubbersamplesmayprovideameans
of investigating the stress response in these animals.  It will be necessary to obtain base-
line informationonall steroidsin cetaceanblubber. It will beusefulto look athow all the
steroidsinteractsimultaneously. Becausewedonotknow thedynamicsof steroidsin the
blubber, this may require assessment of metabolic turnover rate by using an exogenous
(labeled) steroid in a captive dolphin and measuring diffusion time.

Chase/Recapture Experiment

The objective for this project is to measure dynamic stress effects in blood chemistry
parametersof individualdolphinsoveraseveral-weekperiodin which theindividualsare
recaptured several times.   These series of parameters will indicate whether stress-related
effectsoccurin theanimals’bloodchemistryandif so,whethertheeffectsaretransientor
cumulative.  This study will provide measurements from living dolphins that will comple-
ment the tissue samples taken from freshly-dead dolphins during the necropsies.

This experiment will require the services of a chartered (dedicated) ETP tuna purse-
seiner for 30-60 days in addition to those of a research vessel.  The seiner will be
employed to chase and encircle dolphin schools in the usual manner.  The scientific
research vessel will provide housing for scientists and equipment during the experiment.

During thefirst encirclement,scientistswill attachradioand/orsatellitetagsto asmany
dolphins as possible (probably 3-5) and rototags to as many others as possible.   Blood
sampleswill betakenfrom theflukeveinof eachradio/satellitetaggeddolphinsandfrom
the fluke vein of as many rototagged animals as possible.  The dolphins will be released
and the radio/satellite tagged animals tracked during a recovery period of several (proba-
bly 2-5)days. Theradio/satellitetaggedanimalswill berecaptured,resampledfor blood
parameters, and released again.   During each set, as many dolphins as possible will also
be rototagged, and sampled for blood if possible.  The rototagged animals will provide
time-zero measures for blood parameters from each set, and may also provide some infor-
mation about school fidelity if rototagged animals are re-captured during subsequent sets.

As with the life history study the concept of this experiment is simple but its execution
will requireextensiveplanning. Also, it is possiblethatspecificpermitsmayberequired;
this issue will be explored during planning meetings to be held over the next two years.
Thus, the experiment is tentatively scheduled for calendar year 2000 in order to provide
sufficient planning time prior to initiating the experiment.

Further details of the blood parameters proposed for sampling and other details related
to this experiment can be found in the Dolphin Stress Workshop Report (Appendix II of
this Research Plan).
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Capture Rate Estimation

A related project will investigate capture frequency in situ for individual dolphins.  A
central question related to potential fishery-related stress effects in ETP dolphins is the
number of times individual animals actually experience the “dolphin fishing” procedure.
Estimatesderivedfrom combiningresearchvesselandtunavesselobserverdataindicatea
potentially wide range of capture rates for individual dolphins, depending upon the fre-
quency with which they associate with dolphin schools of various sizes .  Large schools
(over1000animals)appearto experiencechaseandcaptureasoftenasonceaweekwhile
small schools (less than 200 animals) appear to experience chase and capture less than
once or twice per year.    The central unanswered question is school fidelity, i.e., how
muchtimedoindividualdolphinsspendin schoolsof particularsizes? If all dolphinsare
equally“unfaithful”, thenthesimpleaverageof 8 setsperyearperanimalmayapplyto all
or at least most dolphins.  If dolphins are completely “faithful” to schools of a given size,
thenthecaptureratefor individualanimalscouldvary from lessthan1 to over50captures
per year.   Obviously, the estimated potential for stress varies considerably for individual
dolphins depending upon the assumptions made about school fidelity.

The objective for the Capture Rate estimation project is to determine how to measure
that ratein situ, and then to do so.   Investigation of various potential measurement meth-
ods is currently underway and is expected to be completed during calendar year 1998.
Once the most appropriate method is identified, protocols can be designed to initiate mea-
surementsin situ.

Historical Data Analyses

Theobjectivefor thisresearchfocusis to explorenew methodologiesor approachesthat
will employ the large number of existing ETP samples stored at the SWFSC to examine
the problem of adverse fishery impacts.  Most of these samples were collected between
approximately 1975 and 1990 when the dolphin fishery made about 10,000 sets per year
and killed approximately 20,000-130,000 dolphins per year.  Several thousand samples
exist for each year, including reproductive organs, teeth, blood stains, and skin.

Between the time when the samples were collected and the present, many new molecu-
lar biological techniques have become routine, e.g., extracting DNA from blood-stained
observersrecordsandfrom formalinpreservedsamples.In addition,theSWFSCnow has
a fully equipped, modern molecular biology laboratory.   These improvements in labora-
tory capabilities make new analyses possible that could not be accomplished earlier.

Three linesof investigationwill beexplored,two involving molecularapproachesanda
third investigating reproductive rates.

Cow-Calf Comparisons. Thefirst studywill takeacomprehensivelook atkill composition
of individual sets to determine what the available samples reveal about the effect of chase
andencirclementon thecow-calf bond. This is conceptuallysimple,but avarietyof sam-
plebiaseshave to bedealtwith. At its simplest,onewouldexpectthatfor every lactating
female killed, a calf should also be observed killed and be enumerated.  If not, the kill
count is biased downwards, and more importantly, the potentially serious impact of chase
and encirclement on the cow-calf bond is being ignored.  Molecular techniques will be
used to ascertain whether existing small kill samples that comprise both cow and calves
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areindeedgeneticallyrelatedcow-calf pairsor aresimplya“random”sampleof thecows
andcalvesof theencircledschool. Demonstratingthelatter, of course,wouldsuggestthat
dolphin sets might separate cows and their calves.  If the separated calves cannot not sur-
vive without their mothers then calf mortality rates may be higher than that observed
directly. Planningfor thisprojectis in progress,with work expectedto begin in July1998.

Cell Stress Indicators. The study will focus on the feasibility of observing the effects of
stressat thecellularlevel, ongeneticmaterial. For instance,thereareunique,singlecopy
mammaliangeneswhichproduceextracellularcopiesin responseto cellularstress.Also,
concentrations increase of messenger RNA of various receptors that are indicative of neu-
roimmunologicalstress.Theincreasedconcentrationsof thesegenesmaybedetectablein
total cellular DNA extracted from skin.   The SWFSC tissue archive has samples from
both stressed animals and animals biopsied while bow riding (i.e.,while presumably
unstressed or at least considerably less stressed).    We will examine these samples to
determine whether we can detect relative increases of these indicators in stressed (fishery
killed) vs. less stressed (bow-riding) animals.  While we recognize that behavioral stress
may not induce these responses in skin.  We also recognize that even if increased cellular
components indicative of cellular stress are detected, connecting this causally to popula-
tion-level effects or even individual-level effects such as decreased reproductive potential
will be difficult.  However, the potential advantages of identifying a measure that can be
assessed in samples from presumably unstressed as well as assumed stressed animals are
worth theeffort. Planningfor thisprojectis alsoin progress,with work expectedto begin
in July 1998.

Reproductive Rates Comparison. The third study will focus on comparing present and
past reproductive rates.  Although since 1990 observed mortality rates have decreased to
less than 0.2% of each stock, the  number of sets involving chase and encirclement has
decreased by only about 20% (7,000-8,000 sets/year).   If chase and encirclement are
highly stressful,theexpectedincreasein reproductionpredictedfrom thedecreasein mor-
tality might not be realized.    While this project is conceptually simply, implementation
will be complicated and sample sizes for determination of current reproductive rates may
notbeadequate.Implementationwill becomplicatedbecausecollectingcurrentdatawill
required reinstating the biological sampling program that was discontinued in 1990.
Observers will have to be trained to collect the required material, and tuna fleet coopera-
tion will be required for sample collection, storage, and transport. Sample sizes may not
be adequate because so few animals currently comprise the observed kill. These consider-
ations will require further investigation before it can be determined whether this line of
inquiry is likely to produce significant results.  Thus, research in this area will likely not
begin until mid-1999, if at all.

The feasibility of each of these three projects will be considered and some preliminary
work will be done during the remainder of calendar year 1998.  The identification of cell
stressindicatorscanbeaccomplishedwith samplesonhand. While theothertwo projects
(thecow-calf comparisonandthereproductivevital ratesstudies)canmakeuseof existing
samples archived at the SWFSC, the success of each would be materially enhanced if a
biological specimen sampling program can be re-established.  Whether a biological sam-
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pling program can be re-implemented and whether sufficient numbers of samples can be
collected is under investigation but is unknown at this time.

SUMMARY

Three general categories of research related to the mandates of the IDCPA have been
identified and are in various stages of planning or progress.  These categories include 1)
populationstudies,2) ecologystudies,and3) stressstudies. Themajorityof the projects
arestill in theplanningstagebut datacollectionshouldbeinitiatedfor mostor all projects
by the end of fiscal year 1998.   This report summarizes the research projects proposed or
in progress within each category.  The schedule for various research projects appears as
Figure 1.  Reports from completed workshops on abundance survey and stress study plan-
ning are attached as appendices.
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Figure 1.  IDCPA Research Schedule
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APPENDIX I: Abundance Workshop Report

This portion of the IDCPA Research Plan is contained in a separate file.
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APPENDIX II: Stress Workshop Report

This portion of the IDCPA Research Plan is contained in a separate file.


